the outer air. By means of a long rubber tube, the glass tube is connected to the reservoir containing the solution.
The Proper Height for the Reservoir. In order to determine the most effective height for the reservoir tests were made at the level of the hole in the trunk, 80 inches above the hole, 120 inches above the hole, and 20 feet, above the hole. The data in Table I indicate the time necessary to introduce 3 liters of solution into a pear tree approximately 6~ inches in diameter with a hole ~ of an inch in diameter in the trunk, and about 4½ inches in depth.
The penetration of solutions into the tree, when the reservoir is at the level of the hole in the trunk, is extremely slow. The rate of penetration increases, however, in geometric ratio as the height of the reservoir is increased, until a height of about 7 feet is reached. 
Time Necessary to Inject 3 Liters of Solution into a Pear Tree.
Height of reservoir from point of injection. 12 rain., 30 sec.
After that the rate still continues to increase, but not in the same proportion. Nevertheless, with the reservoir 20 feet above the hole at which the injection is made, or approximately the height of the tree, the rate of penetration of the solution is greatest and 3 liters of solution are absorbed by the tree in 12 to 13 minutes. Raising the reservoir above the height of the tree does not increase the rate of flow. In fact, raising the reservoir considerably above the height of the tree decreases the rate of flow of the solution. It is worthy of note that the rate of flow is not the same under all conditions. The rates given in Table I represent periods of fairly dry weather with the soil below optimum in moisture content and with full foliage on the tree. While we have shown that solutions will also flow from our reservoirs into a leafless tree, and when the soil is very wet, the rate is five or six times slower under those conditions than it is when the foliage is on the tree.
A mounts of Water Which Trees Absorb.
We next proceeded to determine how much water or solution can be injected into one tree, noting the rate of absorption of every successive 3 liters of solution. The data given in Table II It is clear from the data submitted that pear trees are capable of absorbing large quantities of solution. In this case, about 63 liters of solutions were injected into a pear tree in about 12 hours. The rate of absorption does not diminish very markedly, moreover, until approximately 30 liters have been absorbed. After that there is a steady increase in the time required for the absorption of 3 liters of solution. Beyond the eighteenth injection of 3 liters, every successive increment of 3 liters required a much greater period for its absorption by the tree. Here again, it is to be noted that the data may be relative and not absolute when a changing environment is brought into play.
The Distribution of the Solution in the Tree after Injection.
We have obtained a variety of evidence that solutions injected into trees become quickly distributed throughout all portions thereof. We may now discuss some of this evidence.
If two holes are bored in the tree trunk several inches or more apart and the injection apparatus is attached to the lower hole, it is found that in a short time, there is a discharge of solution from the upper hole. If, on the other hand, the injection apparatus is attached to the upper hole, solutions will likewise issue from the lower hole. Further, if a branch is broken off in the upper part of the tree during an injection of solution, at the point of its attachment to another branch, the solution issues from the broken surface of the main branch which remains attached to the tree.
Our observations were further confirmed as regards rapid distribution of injected solutions through trees by the following experiments on the injections of salts. 1 grn. of NaHAsO, was dissolved in 3 liters of distilled water and the solution injected into a 10 year old pear tree. 24 hours later, branches and leaves from different parts of the tree were tested for As by the Gutzeit method. Positive tests for As were obtained in all cases. In 48 hours, moreover, all the leaves on the tree turned black and presented a burned appearance.
Again, pear trees and an apricot tree each received injections of 2 or 3 gm. of KI. Tests of leaves and branches showed positive tests for 12 in all cases.
To observe the path of the circulation of the solutions in the experimental trees, 6 liters of concentrated solution of methylene blue in one case, and 3 liters of solution of methyl green in another case, were injected. Two other trees received, respectively, 3 and 6 liters of concentrated eosin solution. Cross-sections of leaf, limb, and trunk tissue were examined under the microscope. The staining with eosin was found to be clearly limited to definite areas corresponding to the xylem and phloem regions. In passing, the different effects of the different dyes may be noted. With methylene blue and methyl green the trees remained uninjured, despite the concentrated solutions used. With eosin, however, the leaves on both trees showed marked injury within 3 days and on the 4th day had fallen to the ground.
Further evidence on the effective distribution of solutes from the injected solutions will be furnished in connection with the discussion on treatment of chlorotic citrus trees.
Some Effects of the Same Salt on Different Kinds of Trees.
One and the same salt, when injected into different varieties of fruit trees may produce different and specific effects, as exemplified by the following experiments: 5 gin. of K I dissolved in 2,500 cc. distilled water were injected into a pear tree. The tree was greatly injured, the leaves and branches looking as if they had been burned. The tree was not killed, however, and in 4 months had recovered. In another pear tree, 1 gm. of KI was injected. The margins of the leaves on the tree had the same burned appearance manifested by those treated with the more concentrated KI solution, but the tree otherwise was not injured and recovered completely.
On the other hand, when 2.7 gin. of KI were injected into an apricot tree, the effect was strikingly different. Within 24 hours, small circular, dark spots appeared all over the leaves. 1 week later, the tissue in these spots dried up and fell out, leaving the leaf with the appearance of a sieve. The unaffected parts of the leaves appeared to be functioning normally, however. As many as 200 holes were found on one leaf under the conditions named. These observations would seem to point to the existence of some irregularly distributed substance in the apricot leaf, which reacts with KI with resulting injury. Evidently, if such a substance exists in the pear leaf, its distribution in the leaf is wholly different from that in the apricot leaf.
The Effects of KCN and Dicyandiamlde.
On December 22, 1923, a pear tree received an injection of 3 liters of solution containing 1.2 gm. NH2(NI-I:)C • N i l -C;N. The tree was distinctly injured but recovered in a period of 5 months. Another tree received an injection of only 0.25 gm. NH~(NH:)C • N i l . C~N, but remained apparently uninjured. In both cases, however, the leaves remain small to the present, and growth seems retarded.
Injections of K C N were tried in other trees simultaneously with the dicyandiamide injections. 8 gm. of KCN were injected into a pear tree. The latter was very severely injured, but within 7 months had recovered, and except for a retarded growth, shows no sign of permanent injury. These experiments appear to have far-reaching implications, which will be considered in part below and in part in other papers.
The Tolerance of Trees for High Concentrations of Salts.
The foregoing discussion has shown that while trees may be easily injured by certain chemical compounds, they may recover from injections of very large amounts of certain toxic substances. This seemed to indicate that non-toxic salts, among them those considered essential to plant life, might with impunity be injected into trees in high concentrations. This, indeed, proved to be the case in a series of tests whose results are set forth in Table III . The salts were injected into pear trees in concentrations of 0.3 N. It seems best to discuss separately each type of salts used.
Magnesium Salts.--Contrary to the generally accepted belief among plant physiologists, magnesium salts are shown in Table III to be not only non-toxic, but decidedly stimulating while other salts may act as deterrents to growth. The present indications are that trees treated with Mg salts produce larger leaves, are much deeper green in color, and, for the second season, seem to set more fruit buds of greater vigor than the ordinary.
Calcium Salts.--Calcium salts proved to be more toxic, or at least deterrent to growth, than potassium salts in the amounts here employed and when injected in the early part of the growing season. The leaves are light in color and rather small. The tree gives the impression of a more open growth instead of the dense growth noted for magnesium-treated trees. Both CaH2(PO02 and CaH4(PO4)2 are distinctly deterrent in effect whereas corresponding magnesium phosphates are not toxic and are even stimulating.
Potassium Salts.--Contrary to what would be expected from a priori considerations, potassium salts, under the conditions of our experiments, are much more toxic than magnesium salts and in no case stimulating like the magnesium salts. Like the trees receiving calcium salts, the leaves of trees receiving potassium salts have a In general, potassium nitrate, at the concentrations we employed, retards growth in these experiments more than calcium nitrate or sodium nitrate.
General Remarks on Experiments with Mg, Ca, K, and Na Salts.
It is of importance to realize, in connection with the discussion in the foregoing section, that the effects of the salts in question may prove to be quite different at lower concentrations. There can be little doubt that Ca and K salts in lower concentrations than those considered above, will have stimulating rather than retarding effects. Even if this should prove so, however, it cannot alter the fact that, contrary to all our preconceptions, Mg salts are highly stimulating, even at very high concentrations, and in a variety of forms. Moreover, we have been able to show that the period of the year in which the salt injections are made is a factor of great importance. A certain salt at a given concentration may be a deterrent when injected at one season of the year and a stimulant to growth when injectedat another s e a s o n .
The Treatment of Chlorosis.
It has long been considered reasonably certain that chlorosis in plants is caused by a deficiency in available iron. Many attempts have been made to supply the deficiency by painting cut surfaces with FeSO4 or by spraying. Some of these attempts with grape vines and pineapples have been reported as highly successful, others as questionable. No successful application of the idea as regards chlorotic trees has come to our notice, in spite of the fact that attempts have been numerous. The reason for these failures has been that spraying trees has not resulted in introducing enough FeSO4 into the leaf cells, as the senior author proved in his own experiments on orange trees 10 or more years ago. On the other hand, the total failure of introducing FeSO4 into the soil where chlorotic trees are growing is easily accounted for. Chlorosis usually occurs in soils whose solutions have a high enough hydroxyl ion concentration to precipitate out nearly all the iron salts which may be introduced.
Taking these facts into consideration we determined to attack the chlorosis problem by means of injections. Since this is only a preliminary account of our experiments, it is unnecessary to give details of this work here. In general, however, we may state that injections of 0.1 to 7 gm. of FeSO4 in lemon trees which have been chlorotic for some years, have caused the foliage to become green and induced renewed growth and the production of green vigorous-looking branches. It is interesting to note in this connection that the FeSO, gives evidence of its effects first by the turning green of the vascular systems in the veins of the leaves, and then by the gradual spread of the green color to the intervening tissues of the leaf. The general effect is rapid enough to show in a period of a few weeks. The permanence of this effect can only be determined later.
Other Applications of the Injection Method.
Now that we have proved the practicability of the injection method, many avenues for its application present themselves. If, as we have some reason for believing, motile leaf of citrus trees is caused by a deficiency in calcium s under certain conditions, our injection method should give us the key to the solution of that vexed and economically important problem. If trees can withstand the injection of as much material as our experiments indicate we should be able to attack the problem of freeing them from bacteria, fungi, and possibly insects. We hope to have interesting experimental data to report in the near future in regard to these and similar problems. It should be added that we have found our method of injection to be applicable to small plants, as well as to trees.
